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*• field of the invention 

The present invention relates to a 

2 - Description of the Prior Art 

NectJorvmolded circuit boards h«w n « ^ 
and mechanically retaining ^ 9 ^""wnal features „. QmuW) 

Production technique to!ZT% ^Ponent,. Injection molZTL^f? ^ ^» <* connecting 

JW »»ate. wwenng wrthout signrtteantiy aflecUra «1 L "* ^""V «led 

One approach for maimf»«.,H ^ dimensional stability of ^ 

^nir^pe^^J^^M be** invo ^ 

tf,a -^"tod term of step^to^ - ha5 ^^.«noo<atZL « °«Wy«d resin 

cotton* mttk , te^^. ci^ £ Whi^^^r n « "**v«y injected ove? 

be modified or .^aWlf^ P,0CM, is mvLS^J?*™* of 

m JT* appre «* teXSn?^ m CrM,fn9 ™^^5ST ,nfle,db,a h ** «'«*ry line, 
metalfaaflon. typically wUh^Z^ 9 ^mensional circuit bo^ri."? . 

SEE^ • ^^1^?^ ^ -«^r^' b ^l by ■» copper" 

^J^Us^thepho^.^ ■'"age « termed during tt^ ^jL * * » 

n^"^ ta m**S*^tt»JPm*. capping 2 

that have not beeT£L Hquid d^oper capable oT*Z dM,r9d circuit image and *m 

" ri!^ ^.int? B £ ,,W !f St ^^P^tc^T** "PC" Aether the 

c«npris« m, drcuTpaL ^ "I*** 0 *"* • ^ ^.T^ * The 
^»tand by ^,22^^ The prZL^ ^JT 0 "' ^ copper 
Th«s may be accompiisheo^w^L^ 1 - ^ r «rnaining copper muJ^ "* ;mcaaa must be able to 
SOW or a tin a di ^rn1^ r ^^ f8 ^ •» form the drcurt 

re*stant metal. The organic LI^ ° '" iC » irnagTo^^l*^ " whJar - Emersion 

Such soiv^ts an. ^f^i S * 9n remo ^ with a soL^ZL PermrtS ^^o" of the etch 
Photon** used te o^n.^ " "* « *^ rnay inefci 1^ ^«"«er of the copper 
^ dis «*vs» -xpo^ c^ ^r^- ^ copper tayeT^LoC'f 0 " 8 d ^"*" t u ^ 
not attack the coppe,^^*** "« aggre Wjv0<y ^ th.^^J™ " «chant 
^ by 91 ««* metal. Con s ^r^ t ~ ,st ^_ m '»'»' «nd therefore 

^ "c"" 10 «»P Parmanenoy atters 
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** a JUT? ^ b5trat9 by ,emovi " 9 exp05ed coo «* r «* ^hina. 

tss,; s Sirs * wnB (diM ° Mn9) ** ^ ™* '™ 

forth in Coomb^ftitS ^So* HandS u P f ^'"S ^ ue ^e such as that discussed above i, « 
incorporated heJein^S tJ!!S522 * " *** Comp " ,y ' 6 and 7 

Pno£^ee^^ ' Wm ™" - polymer and a 

Liquid-type DhotoZ^ I * <* in a solvent such as an organic liquid 

by hlSng! the 1 i.^!^ ^ ^ EST" 11^*" " nd ** «*« is ^ as 
uKravio* light The pl.tTastVaTa^ ^ 'a^a^^ ? ^ ** " 

exposing radiation. The pattern on the ohom™.* ( ZJ_!t 7/ "* ""^ tt1at ar9 transparent to th 
desire image, such as YSeTw^«T^J^^ *" ° P " qU ' "* *■"•■>«•* areas defines th 
o. a negatS res,st JS'tS Z Z^nTJ^^TZ T~ VZ"*«~ *~«™ 
reaction between the photoiniSator and^lllT^ 9 ' result of a photochemical 
™. difference in .^.S* X^^^TT - ^ 
image to the surface. In a positive resist tm^Zo^Z^J^Tt^ *" trans,er of 016 
develop* than the unexposed portons » aV^^^fJl , b6C0m * mo ™ in 
removal of the exposed »•« Wetm" ioTof 1* r^^^ 6 *^' a " 0Win ° *• 
are not protecJHe Zf£TJS£* sS XVl^J^ 2? § °' ^ ^ 
containing an inorganic add The rem^T^^T " I_ J^? 01 *" OMdtono - a*"** 1 Wcally 
the desired eteEJimagTon ^sTm e ^^^1^ P ^^ "face leaving on.y 

canbepfctedwi*. ^or^S 0 1^^ "J"** »** 

these conv«,tio«l Bcuid r«^T^r,,l!tIl ^ * nd P"**"** step, involve with their use. 
drawback of SrS ZllT atbL^ Th. mo* wide* recognized 

on surface. X^£ZT*£Ti Tt^Z"^?* ^ 
particularly at holes and comers, whWtoi fJZZL *' is a" 0 case, 

in defective products drft9f9m ^P 03 ^ «** developing times and often results 

Aft °ther type of photoresist is referred to as dry film While rfrv Rim . _ 

preparation of 2-dimensionai boards tt»v rw,st3 hav9 been found used in the 

because dry film v ^rt^t^L* to appiication In ^dimension*. , yst9fTls 

conform to a greyly ^dScT^^ ^ ^ ^ rolters which do not readily 



Summary of the Invention 



united cc^oTTXS to L^rl™* 1 '* 8 **"■*»• circuit beard by application of a 
the irrveSTc^pn^^^ oTd^ ^ b ^^ -^^sition. In one prefer process 
ag*n. m^ng^su^cT? rlTTc^c^ »»* 3-0 board with an adhesion promote 

repre^r^,': 4 ; ^d^cX^ ^ * ^ ^ " *» "~- " "« ^ 



P^ai'ed Description of the Invention 



ccductive ^^J^TrcTtoZ ' "* ^ ^ °' - 

The term -conductiv surf**- a, used herein means any surface posses^ng sufficient conductivity , 0 



pro- 
the 
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of printed drcuits. me conductive surface ««JS2riSrr ^ *" * manu,8cnjf9 

material such a, epoxy. polyimide. tetrafluoroethyieno ?es1a £2i T~ °™ * ai9iMic 6459 

s Permanent alteration or modification of the^SS - **• 

mem in a manner that permanently alters the surface aThXj? C0n,8,T,plata<J he,9in - mMns 
chemical treating such as by oxidizing to form a3no 2^ J^"* *" etet,am to remov « «"•«*. 
utility in chemical milling and in the fabrication of printed drc7b£ds " ou,d find 

tiectrophoretic deposition involves a orocaaa m 

'0 Paries through a liquid medium under ^ZeL T^ZZ t^J', ^ m0,tan * c * a *« J 
conducted in a dl with the conducts surface tooted ***** fieW - ^position is 

a liquid milium i, electro****.*** ^^ZVT^^V 0 !!^ 0 ^- ^ed polymer in 
PO^Jvely charged polymer on a cadwdeT^^ .TJ^^L^* 8 * 1 ****** of a 

aectiophoretic deposition of photoresist coatinas is kn«™^Y^L-. 
ue. of anaphora to deposit a * 
srtaer such as 4.4 -bis (dTmethyfamino) - benzoph^TT. ZS^T^ and * photoS8fl - 

P^ensitfve compositon to radiation, mTS££d plC<2L"*?J?" " P0 "" °' * 
developed with an organic solvent US plZZiul cross-Units and the unexposed film is 

« «8Mft , 3S5 B ?S 4.035273; 4.035274; 

and exposed to activating radiation. wo d.sctow coating, that are appBad alectroprKxeticaily 

Japanese Patent Disclosure 55 (1980) -1484a *nMt~4 . .. - . _ 
<isdos« a proce» for etectrcpr^lec^'o^ se2£ ^ ^ Wiring Boards.' 

drcuit boards. The process cerises fomtaTll! T ° f °* flic *" "Wacture of 

exposing and developing tL^oXiicardl^ 21 J? * J ' f *" rt ^ P^ted circuit board. 

copper, and remc^Tthe eSSKScW <JSS £ VZ? imaQ * """^ 

<n the manufacture of printed drcuit boards. Mn " w,yu Photoresrst appfed by <»nverrtionaJ means 

Such adhesion promotion pr«W^w^ ^TllfS ****** w " h< C ° Pper «*** 
3.668.130 and 3.708.430. S^Scto^T SSi ZltlZ? 1 ^ r ** : <S1 5.829, 

Provide « roucJ^^necS^Jo^^ ™« P~ce» 

' «*Mi .Oth* proce** i„ SSSSE^^ 
employed in practicing the present inwMfel ^LT-?" by cn « n » c « J bonding may also be 

Method, for m^^afcn „ d^T^ l^^^^ 8 ' « — known in me «t 
Pr»femKj ernoodfment. the inwmooiSc Z£!L ™ 3 ' 011 ' 920 - 4.634.619. 4.600.656. In one 

c) a^s»^' !t* k! d * p0 * ,tan °* • WO, colloid onto the conditioned substrate- 

lOii and 75u, preferably between abo^^Su^no^Mu^nd T^st^vJhr f^lckness is between about 

One alternative approach in thTorint^^l!^ between 35u and 45u. 

. fu" bui W ap^^;; ^^^^^ "T™- ^ «~*°»**»9 *ep with 
opposition. This process normally J^Z^Z. JT ^ bu« up wrth a m«^ tayer by electroless 
which me met* lay* is appO*, in a maLT^ ^ ^ ^ «nd etch approach in 

bJ n riS n whS o^^JSSTetSr "^^P-ess^n^or^,^ p r , (9rrM 

P^ting deiaminatton of me Sin 2d^ S^ " ^'•^ US " U ' 10 « dh ^ 

'n m. n^c, m th. met^^ bc*d is coated wrth an electrophoratic ^ ^ photwesist 
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compositions are used to form coatings from organic solutions which hh-h . 
Jh ^ wavefcco*. „ changed^ £ SC? 'c£n t^JTSi?? °' 
types are available: negative-acting and positive-acting. Th n^J^^LZTZZJlZ^ ^ 0 
is soluble in its developer but after liaht , ««"ng resist « inrnuiy » mixtur which 

retouching. Formulations tar such photorSsts an^^n2TJ^ ^ b * **" " 1Sf * ctlon 

con*****. Foltowing electrophoretk: cfcpositioc? oMrT^,, «XTis Z^£d Svfllf!, 
conventionaJ manner. EspedtJIv oreferred elaetraatw.*- 1 ^ ^ enveloped In a 

Patent No 4 S92 816 ^^l^^T^J^^^ ^ compositions are those disclosed in U.S. 

andSSSs ^SilS. ^JST? ^ APPiCafl00 ^ 77 - 11601 ' EP0 P* 1 ^ No,. OlSS 
" scto » ur » <* ""ion are incorporated by reference herein. 

charg^^^^J^ 

cnargoa upon contact with either an acid or a base denenHina ham *h» t > r ,. r ; f | n " . 7 ^ w ' 
^ c^er group is one selected so ~*JZ£tt7£££tt 'aaXTaS* 

^rlTTp^ ESS S^li"*** preyed from monomer, heJj ^ySTE 
eomS^i„S?^^ c«rtor group, «h« « u»fu. in m. Photosensitive polymer 

Po.ySL^.X^^S^'' ■»*»"«. epoxy polymers. 

nefl.^rS^" 8 ^?' SZT'JZ?" 4 *- * c «-« >h «^ fl">uP*. wl« deposit on a 

wrTLS^LTltf^r 9r ° Up *- "•** PO-ttvely charged upon reaction 

f ^^jT*~* K *^ Carboxyfic aod group, are suitable negatively charged carrier groups 

2 1ST ^^TZ^^^Z,!^^ «^omef and . photoinfdator 

j»tt«^H L T accrue raoiaoon. Monomers having two or more unsaturated orouos 

TZ£ I^IT^LZ 0 ""^- ^ " *» monomers 

DZ^eTZ^ST l^f ""^^ ^ * P**™***" **abte for use in th 

Sxa, oxi^^ n^, ^ ^ 320 Cn,P ° UndS - suBur ' con,,inin B compound,, mettle salt, and com- 
SP^ex^rTo^ T^r^J™' 0 ™*- c » rt,on * compound,. verlou, quinones. etc. 

!>pecmc examples of suitable photoinrtiators are also set forth in U.S. Patent No. 4 592 818 

unsa^^it ! Tt!^r ,yn ^ : com P Mito ™ tormed by mixing tr* polymer solution with th 
^SoT^ m^^T^ ^ di ««"^ 'n • "(table sofv«n is tr^n added to this 

?^:™*L *? U,edt0 *• carrier groups is added to the stirred mixture. Aft* the mixture 

., completely mixed. wa*r is tt*n added. The soBds content f die emuWon can be adjusted by diMng 
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the emulsion with additional wafer. The relative concentration * * 

monmerandacidlora em^wde polymer ar SSSTtS. 1 ? ^"'^ ^«ed 

« a weight based on too parts of theToiymer *" com P° nef1ts « expressed 



TABLE 1 





Overall 


Preferred 


Most 
Preferred 


Polymer 
Solvent 

Unsaturated Monomer 

Photoinrtiator 

Add 

Water 


100 
0-300 
0-100 
1-20 
0.5-10 
400-4000 


100 
0-100 
25-75 
2-15 

1-5 

500-3100 


100 
11.0 
30-50 
10-13 
3.0 

800-2600 



In order to promote uniform application of the nhntnr-«^ ^ 

described in T.N. Vlsser. in Se^naSo^F^ZJ^^ B °° d <fi3CuS8ion of such lectors i 8 
387-384(1988). sweeting solvents For Bectrodeposit Paints, FAT1P6C, 16m (Vol. 1-8) at pages 

. In general, for water soluble or oartiaUv wM.«ikM. , . 

about 25% by weight of the emulL^Sr^^l^^ 9 SmMnt ™' * * 

•bout 10-20% bV^ght ^^JS^Z^tTf^ ***** porton) ' ««ween 
-seeing .ge^lou*™ ^T^a^^J^J^ weight For w«er insdub* 
Preferably .bout 2-10% by w*g£ and^ S^S^SSt ^ 

Sample 1 of U.S. Patent No. 4.59Zai8 is a mJi~*^\?Zl^ ^ W * 5ht 
tor purpose, of the invention, hiving ISSJd ttl^L^^ «^)pl»refcally depositing composition 
Propyhn. glycol rnorZSJ Se? *" -n *** ,5% * ^ co^ng solve* such as 

^ctjss nsr^^r^n^ — *- - 

agents include hydroquinine onenoM^M JL? " P 01 * 1 "*" * both. Suitable stabiiuing 

*a*«*ng agent -S^SJE^^ ^'-^ amount of 

and degree of mechanical shew^neriene*? £ IT^fT- ^ ,ndUdinQ °P° ra,in 9 temperature 

may be up to about30% toZX^?*, *«»«*«>"■ general, the amount 

prefWbetweeT5.3 a^ 0^T • mU '" 0n 01 "HoS 

dyes such as methytviotot the anthr^^nXt^ as^BluT^l^ T^V" 

generally depends on the thickness otlto^ux^Zj^J^ TJ? ^ amo<,rt of dya 

than about i% by weight of the emulsion!^ *>P°"ted. Typ*ally the amount of dye used is less 

the photoresist involves the use of a dih^Z^^Z L^^? 22 ! 0 " 6 proc8M tef "**P*9 
aboveKe,^ U.S. Patent No. 4 592 8 !?«t Xm^ -T^ **n Process dasenbed in me 
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Th developed board may thereafter be etched in an appropriate solution until the background metal is 
removed. The remaining photoresist is then removed by methods w ll-known in the art (see. e.g. U.S. 
Patent 4,592,816 at column 14 and Exampl 5). 

' A process for manufacturing of a printed 3-0 molded board is more specifically described in the 
5 following examples where defined artwork is replicated on a 3-dimensionai board with an electrophoretic 
resist. 



Example 1 



In this example, a 3-dimenaionaJ board was used that was received with through holes and other > 
dimensional features. 

rs 

Step 1 : Preparation of a 3-0 Molded Board 

The molded board can be prepared by a sequence of steps including catalyzing the board with a tin- 
palladium colloid such as the Cataposit 44 (Shipley Company Inc. of Newton, MA) and electroless 
20 deposition of copper onto the dielectric substrate. An electroless copper plating solution such as CP-251 
(Shipley Company Inc.) would be suitable for the depositee step. Times of immesion and conditions would 
be in accordance with the instructions supplied by the manufacturer of the materials used. 



n Step 2 : Electrophoretic Deposition of Organic Coating Over Copper 

One electrophoretic depositing composition is. as follows: 
Polymer 91.0 grams 

• Oimethylamino ethyl methacrytate (8 parts) 
x - Methyl methacrylate (75 parts) 

- Ethyl acryiate (17 parts) 

- Oipentaerythritol monohydroxy pertta-acrylate 46 grams 

• Dye (Morton ERO Blue from Morton Thiokol) 1.1 grams 

• Propylene glycol methyiether 160 grams 

is - Initiators (Irgacure 907 8.3 grams ft isopropylthioxathone 2.7 grams) 

• Lactic add (20%) 15.0 grams 

- Distilled water to 1000.0 grams 

Typicairy, a portion of the above composition is added to a 250 ml. beaker used as a plating cell. A r 
x 2" stainless steel plate is used as the anode and the circuit board base material is used as a cathode. 
40 The anode to cathode space was 2 inches. Bath temperature is maintained at about 22°C. A voltage of 
about 60 vorts is appfied across the electrodes and the voltage was applied for 10 seconds which is 
sufficient to deposit the electrophoretic coating over the copper surface. 



46 Step 3 : Image and Develop the Photoresist 

To image and develop the photoresist the 3-0 molded board is exposed to U.V. radiation at about 
200m J/cm 2 through a silver haJide phototool to confer the desired pattern to the board. The board is 
thereafter developed by immesion in a 5% lactic acid solution containing a surfactant such as Triton X 100 
so at a temperature of about 2S°C for a time sufficient to remove the unexposed photoresist 



Step : Electroplate Copper 

ss The imaged and developed board is therafter introduced into a acid-copper plating solution and current 
applied to electroiytically deposit the copper in the exposed area to a thickness of about 25a. 
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Step 5 : Remove ©ectrophoretic Coating. 

*. *"* * femoved * ™ in * 30% ^ c ^ ^ al 55 , c until „ o , 

5 

Step 6 : Etch Background Copper 

Copper bared by removal of the Dhotorast** mm 



EXAMPLE 2 



This example illustrate a subtracts method of orodueinn . t*~- M 

P f( ««cmfl a three dimensional printed wiring board. 

20 

Stop : a molded board constructed of PES was submitted tn ih> <mi~_i 

« was suunitted to the following adhesion promotion process: 

The molded board was immersed in Hydroiyzer PM-aarr m lonte .-- . 
men rinsed with water immersed in P*«7S%T V r TiH 2L *° Ut 2 min * ™ «■ 
w chrome/sulfuric acid eteh) at 120«F for about 3 minuL promotes chemi « l «"** * the 

* ""-WO" (• chromed* £J*5 toS??*, rin " d «» *™»«°< 

» Step 2 : Sectroless Deposition of Copper 

The board was immersed in an corxfitfonina 
mmulw. tr^ rin^. The board was SZS^ 

and fransf^red to a cat*y« solution „, ^^ZX'T «* ^ 2 ™™» 

w board was then immersed in Accelerator 24^jL u^t!^ ** *** 5 minutM rin **- The 

Step3: 



40 



The board was then electroplated in emm***.! 

^ ,n C00v ««tK)naJ aod copper solution to a I 
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i final thickness of about 37u. 
Stop 4: 

in cT^^ZZZt TlZT*** ,n Step 2 «* the board 

nnsedandbakedfbrSminutw^ 

Step 5 : 

at 3^^' "* « ^ -tn a ^^ ophototoo|9xpoaedtoan (Kjw 



56 

Step 6 : 
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The board was then developed in a solution of a% •„ 
modrttad polyefroxylated alcohol^n-ionic surfw L C ° n,ainin9 1% » ur,act *« •«* as a 

pref rred developer is Oevetoper 6504'. SUrtactam - Development time was S minutes at 40°C. One 

5 

Step 7: 
Step 8: 

The remaining photoresist was removed bv m*w™ - . 
1% surfactant such as the «*^!^^£^J™:2A «*** of 35% lactic acid containing 
' S ' ,em ^ <* Tim. for co^p^etTo^Jt^^ lactam heaSto' 

EXAMPLE 3 

A board was prepared substantially as described in Emmm. , - 
Step 3 : 

* ^^^o^^^^tTnTJ^ in Step 2 ^ m ^ the boerd 

* rinsed and there*,* ^ ^ 4 ^Z, ^Z^F * 90 ^ coating ^ w „ 

Step 4 : 

* After cooling, the board was imaged « above (Step 5). 
Step 5 : 

40 ^^^^^aainStep6ai>ove. 

Step 6 : 

Step 7 : 

50 ™ was then stripped per Step 8 above. 

Step 6: 
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EXAMPLE 4 



Step 3 : 



so 



10 Aftef applying electroleas cooo^ *» ^ 

« Stop 4: 

The board was than coated with *n 
x weaner baked for 5 minutes at ZXfiF. «» vote. After coating the part was 

Step 5: 

« T> * b0a ' d » M *~ <*v. te p* as per e^,,. 2> ^ fl 

Step 6 : 

The board was then placed in a 10* « 
Step 7; 

"*P"' , tsd lha resist was stripped as per Example 2, Step 8. 

Step 8: 

9 The hei >uiuund niefcai «~i 
Claims 



10 



EP 0 407 951 A2 



8. the process of claim 7, wh rein the coalescina saent is sai<v-t*H #r«~ *> 

am process of claim t. wherein the photoresist is anaphoretie 
0. The process of claim i. wherein the photoresist is cataphoretfc. 

catechol or mixtures thereof. "ydroquinone, pherioth«zme. methoxy hydroquinine. tert-outyi 
12. The process of claim 1. further comprising the addition of a dve to tt» „k^ 

b) building up the metallized surface with a metal selected ^ 

mixtures thereof: »»cted from the group of copper, nickel, tin or 

c) olectrophoretteally applying a photoresist composition to the built up surface- 

d) exposing and developing the photoresist 

•) removing the metal exposed by step d) with an etehant and 

f) removing the remaining undeveloped photoresist 

u. The process of claim 13. wherein the metallized surface is built uo bv .Urtrou~ A 

15. The process of cWm ,3. wher*n the meUliz* surfJS £ 2 J 52Si23£ 

^ ' > !!rf C o S * co *" n ^ * dimensional substrate with a photoresist cornprkting fai^teosaf- 
a> metaBzing the surface of the substrate; compnsmg the steps of: 

b) electrophoretically applying a photoresist composition to (he built up surface- 

c) exposing and developing the photoresist V ' 

d^ing up the expos* ar« with a met- **c*d from ft. group of cw. nictaN. «„ or mitres 

e) removing the remaining undeveloped photoresist and; 

f) removing the background metal with an etehant 

17. The process of claim 18. wherein the metallized surface Is built up by eieclroleaa denn^ 
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